SYNOPSIS Single fibre electromyography was carried out in patients with polyneuropathy due to uraemia, diabetes, and alcohol. In the two former groups the fibre density within the motor unit and the impulse transmission were mainly normal. In the latter group the fibre density was significantly increased as signs of reinnervation. Impulse transmission was impaired in a number of the action potential complexes, which is typical of active reinnervation. The results may indicate that the diabetic and uraemic polyneuropathies are characterized in the main by demyelination, whereas the alcoholic type is dominated by axonal lesion even at an early stage.
As is known from histological studies both in experimentally produced and in clinical polyneuropathies, the lesion in the peripheral nerve fibre can be restricted to the myelin sheath (demyelination) and can, in addition, affect the axon (Wallerian degeneration). In diphtheritic and allergic experimental polyneuropathy (Kaeser and Lambert, 1962; Cragg and Thomas, 1964; Hall, 1967; Weller and Nester, 1972) , the lesion has been shown to be primarily restricted to the myelin sheath while with isoniazid (INH) axonal damage dominates (Schlaepfer and Hager, 1964) .
In clinical polyneuropathies the differentiation between myelin and axonal lesions is of great importance, especially with regard to the prognosis for restitution of nerve function which is impaired with involvement only of myelin sheath.
Nerve biopsies are useful in this evaluation but have some limitations. They cannot be carried out in all patients, are restricted to a few nerves (distal in sensory nerves), and cannot be repeated in the same nerve.
With routine neurophysiological investigations, it may also be difficult to differentiate between the two types of polyneuropathy. In both types the impulse propagation velocity is (Accepted 21 April 1975.) 881 reduced in the peripheral nerves, although more pronounced with myelin lesions (Kaeser and Lambert, 1962) . In both forms of polyneuropathy the concentric needle EMG shows a reduced interference pattern and changes in potential form and duration. Those cases with more pronounced axonal lesions show fibrillation potentials and with reinnervation an increase in amplitude and duration of the motor unit action potentials.
The bases ofthe electromyographic differentiation between axonal and myelin lesions are thus the signs of reinnervation in the former type. The single fibre electromyographic technique (SF-EMG) has in earlier studies been shown to be a sensitive method for detecting signs of reinnervation (Stalberg and Ekstedt, 1973; Hakelius and St'alberg, 1974) . The aim of the present investigation was to evaluate whether SFEMG offered possibilities of discriminating between axonal and myelin lesions in slight and moderate polyneuropathies.
METHODS
Fifty-four patients were investigated (Table) . Most of the patients had been evaluated clinically by a neurologist and the diagnosis of polyneuropathy was based on symptoms such as paraesthesia, reduced or absent reflexes, decreased muscular force, disturb- (Stalberg and Thiele, 1975 Stalberg and Thiele (1975) .
Maximal action potential duration Action potentials from two or more muscle fibres from the same motor unit are recorded and the time between the zero intersection point of the first and last component is measured.
Jitter When recording is made from two or more muscle fibres from the same motor unit, a variability is seen in the interpotential interval between the spike components at consecutive discharges, the jitter. This is an expression of the variability in impulse transmission over the motor endplates but also along the nerve fibres distally to the last branching point and along the muscle fibres under investigation. The normal value is [is, expressed as the mean value of consecutive difference of the interpotential intervals (Stalberg et al., 1971) . With disturbed transmission in the mentioned structures the jitter is increased and in more pronounced impairment impulse blocking appears (Stalberg and Ekstedt, 1973) .
RESULTS
In all three groups of patients the duration of symptoms exceeded six months. Clinically, the symptoms were classified as mild or moderate. Most affected were some of the patients with alcoholic polyneuropathy. In the diabetic and uraemic group sensory symptoms dominated, in the alcoholic group weakness and muscular atrophies. Motor nerve conduction velocities were, on average, less reduced in the alcoholic group.
Concentric needle EMG showed in the
Single fibre EMG findings in polyneuropathies of different group.bmj.com on May 3, 2016 -Published by http://jnnp.bmj.com/ Downloaded from 3 ms (normal 1.2%) could be seen in patients with uraemic polyneuropathy (4.8%) and to a lesser degree in diabetic polyneuropathy (3.8%) (Fig. 3) of the recorded multiple potentials) for both groups of patients. One young patient with uraemia was outstanding in the material (Fig.  1 ) concerning fibre density, jitter, and blocking. He was the only case earlier treated with nitrofurantoin.
ALCOHOL In alcoholic polyneuropathy, the fibre density values were above or in the upper range of the normal material and exceeding 3SD from the normal mean values in seven of the 18 patients (Fig. 2) (Fig. 3) .
There was an increase in jitter and blockings. Reske-Nielssen et al. (1970) . The findings in the oldest diabetic patient (80 years of age), where the fibre density value 1.55 is lower than found in the normal material, might indicate a reduced regenerative capacity not compensating to the usual extent for the general age-dependent degeneration and not for the denervation possibly caused by the polyneuropathy. Another explanation for the missing signs of reinnervation would be that no denervation had taken place-that is, no axonal damage. The scantiness of fibrillation potentials in the concentric needle EMG supports this assumption.
For diabetic polyneuropathy this suggestion is supported by other investigations where it has been shown that the most common type of lesion in nerve biopsies was a demyelination (Dolman, 1963; Thomas and Lascelles, 1965; Chopra et al., 1968; Bischoff, 1970; Noel, 1973) . Axonal lesions have been described only occasionally, more often in severe and chronic cases (Noel, 1973 ). An affection of spinal ganglia, spinal nerve roots, and ventral horn cells in diabetes is also described (Dolman, 1963; Gibbels and Schliep, 1970) . The most likely cause for missing signs of reinnervation in our generally early and slightly or moderately involved cases seems to be that the polyneuropathy is initially mainly of demyelinating type.
In uraemic polyneuropathy the nerve biopsy findings presented in the literature are contradictory. While Jennekens et al. (1961) and Dyck et al. (1971) described predominantly axonal lesions, others found the lesion to be primarily a demyelination with a small amount of secondary axonal involvement (Asbury et al., 1963; Dayan et al., 1970; Dinn and Crane, 1970) . The differing findings may be due to the dynamics of the process. A long-standing demyelination may cause a damage of the axon because of its increased sensitivity to mechanical and toxic influences. Our material showed very scanty signs of reinnervation. The exception was one case, clinically not the most pronounced, but with earlier nitrofurantoin therapy. From experiments on rats it is known that this drug leads to axonal lesions (Klinghardt, 1967) . Whether the lack of reinnervation in uraemic polyneuropathy is due to a restricted demyelination, as in diabetes, or to insufficient regeneration cannot bsettled definitely. The absence of fibrillation potentials and the slow nerve conduction velocity within the same range as found in diabetes are indicative of a demyelination. The prolonged duration of the multiple motor unit action poten-tials in the presented study can be explained by the slow conduction in the terminal nerve tree. If a pronounced axonal lesion exists in these cases without reinnervation, a marked atrophy is to be expected, which was not seen in our cases. Thus, as in diabetic polyneuropathy, the lesion seems mainly to be a demyelination.
ALCOHOLIC POLYNEUROPATHY Increased fibre density compared with normal was noted in the alcoholic polyneuropathy. This is a SFEMG sign of reinnervation correlated with the fibre grouping seen in the reinnervated muscle after partial nerve lesion (Karpati and Engel, 1968) . Also, the conventional EMG findings indicated a relatively pronounced axonal damage with fibrillation potentials, signs of reinnervation, and drop out of motor units. In alcoholic polyneuropathy, the increased potential duration along with increased jitter and increased incidence of potential blocking can be assumed to be due to impaired impulse conduction in newly formed reinnervation sprouts (Stalberg and Thiele, 1972) . Impulse blocking indicates active reinnervation during the previous three to six months (Hakelius and Stalberg, 1974) provided that the functioning nerve fibres have a reinnervation capacity similar to those which reinnervate a traumatically denervated muscle fibre. The relatively low number of action potentials with increased jitter and blocking in alcoholic polyneuropathy indicates a relatively slowly progressive process.
Axonal involvement is confirmed by most of the nerve biopsy findings (Gilliatt, 1966; Dyck et al., 1968; Walsh and McLeod, 1970) . Bischoff (1970 Bischoff ( , 1971 described, however, an equal incidence of myelin or axonal lesions in nerve biopsies in patients with alcoholic polyneuropathy and assumed different pathophysiological mechanisms-that is, primary affection of the myelin sheath or of the axon. The demyelinating type may be due to impaired liver function (Knill-Jones et al., 1972 ) rather than to a direct toxic effect of the alcohol.
In our material with alcoholic polyneuropathy, all but two patients showed the SFEMG signs of reinnervation. The younger the patients the more pronounced were the signs of reinnervation. The two patients older than 70 years of age had fibre density values at the upper limit of normal indicating a possible loss of regenerative power in higher ages.
Muscular atrophies, although usually mild, were common in alcoholic polyneuropathy in our material, while the patients with diabetic and uraemic polyneuropathy complained mostly of sensory symptoms. For an equal degree of demyelination in motor and sensory nerves, symptoms are expected to be more pronounced for the sensory system. The demyelinated nerve fibres show an impaired but not totally blocked impulse transmission, especially at higher impulse rates (Lehmann and Tackmann, 1970) . This can be compensated for in the motor system by increasing the innervation rate and by recruitment but not in the sensory system, where it leads to a loss of tactile information.
With the SFEMG method, the diabetic and uraemic polyneuropathies on one hand, and alcoholic polyneuropathy on the other, show differences, particularly as far as fibre density is concerned, which most likely reflect different pathological processes. It may be possible to differentiate polyneuropathies with mainly axonal damage from those with mainly myelin lesion. The parameters that are described might be of value in the investigations of other types of polyneuropathies-for example, the toxic forms found in occupational medicine. 
